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I an very pl:ased to hear that you have baen able to get under way with 'I - -- 
your st,udies on recombination in B. coli K -12. -- a .- 

Your troubles with E%E ag& xmm are a.littls stqrising. I am encloskg 
a packet with our dry nix of this formula, with which we have had no diffi- .: 
m lty tiatever. In our experience, K-12 has perhaps given a green sheen some- 
what irregularly, but other&e has always consistently given a strong # reaction 
on thi3 nedti&Q, lohi3.s Y-87 or N-583 which you have gives a very clear'cut dif- s. 
feremd.. rexMning white or pink,.barring reverse-mutations in the form  of 
papi2atc sutg$Jxf!ls. ti,Y qiiz course, the33 tests should be done at 37, ad it 
occurs to me rvhiis writFng that this may be the trouble. The formula we have 
used fir !?a, which is also satisf&tory for cross-streak phage resistance 
tests is: (per liter) Agar lsg., Lactose log .,,pe$tone (we us8 K-Z-Case) 8-10 g., 
yeast axtrxt (kot esuantil;l) lg., di$otadsiuin phosphate &., sodim chloride 
5 g-9 methylene, blue hydrochloride 0.065 g., Eosin 'II a.4 g. . 

-- _ 
I regret.that q statement regarding the use of 30 should hGve caused con- 

fusion, 37 is pzrf_csti, v sltisfxtory (and Lmmhat fastor), titnough higher 
,tempar;itures (cil. 40) are not, for all operations, atid that is the only tempera- 
tur3 I an no.v using. At Yale, owing to 'tha 3eurospora work, we-had extensive _ 
constant +xmperature facZ.lities forc30, which is w,hy it was used., -- 

Currently, I have been finding the following technic quite s@sfsctorg. 
10 m l. broth is inoculated from  a recison;rUy fresh slant. The cells are kxk _ 
harvested after growing overnight without shaking. Usually, they will be 
quita young enagh, and J. sewna grbritfi cycia fs not naeded. The washed cells 
(saline is more satisfactory for w;ahing than orate 5 

, as the cells sediment 
more compactly) ars m ixed at a concentration of 10 - l&!-O / d., and .1 m l 
samples are spread with a bent glass red on plates of synthetic asar (20 -25 
m l per plita). On the meil ium given in my  paper, tihe prctotrophs will. appear 
within 24 - 36 hours at 37 C.- We have rarely gotten yields of less than - 
10-7 under these conditicns, a l'chaugh for reasons which hre not understood, 
a pxticular run zany give very poor results. But there should be no difficulty 
in reprcducing the experiments. Gf cotisa in‘s cross of BX  x TLBl the addition 

l of thiam in ( 1 zg / liter is much more than enough) will increzse the #Ada 
U&fold by r&zing the conditions ftos segregation of Bli; I ceetnkly concur ' 
with you about the inadvisability of using ultra-violet light. I have not repeated 
the ex-oerkents, but hzve some question as-to.the possibility that the W  effect 
may be‘an artefact, Ferhaps 4~ to recoinbination of lethals, or to the leakage _ 

.Y of groath factors fi*om  the Billed irradiated cells which will stiulate the 
grotith of the survivors providing a larger population i.c which reCOmbiIIatkOn ^ 
m ight occur. 

. 
The trace elements are net needed, and may even be slightly inhibitory; ix .- 
In my  last letter, I mentioned the advantages of using a synthetic EMB  

medium (JUS). Our formula is: hgar 15, Sugar 10, Sod, Succinate 5, Amman SuiP,a#te 
5, XaCl 1, MgSO1, 1, anddipotass. phosph., and the dyes as above. Growth is 

.r&ther slomer on this medium than on the other synthetic w but prctotrophs 
appear, and can be scored directly for *heir sugar character in 48 - 60 hours. . - I 
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- As stated in my Genetics 1947 paper, the m&&io;l'V ' &ied by W-583 '- .F:-?':':. 1,: 

-7 r-t confers m resistance to Tl and T5 (and Tlh &so). Other loci that':\'.': <,:::' 1~. 
have been identified include Vl:, resistant to TJ., not to Tlh or T5,b and Ylb, -'I ..I,-- 
a ntucoid form with an ill-defined resistance spectrum, which is'moreover.unstable .'~-.:+:.Y 
and quickly reverts to sensitive,-non-nucoid. There is also VlP which appears to :-c'-?,:~~~-~-~- _ ..= 1 

be an allele of V r (no crossing eve: so far observed), which is &x partially &is- -C' 
. _= __._- - 

.tant to, Tl, but a&most completely sensitive to T5. However, the hsteroaygote Vlr/Vlp~~~~'.: . \‘ -. , 
aems to be sensitive to Tl, so.this may be a $ery closely linked, non-allelic ; ~%... 

-locus.These are all the Tl-resis.tant phenotypes that I have found; there may be" .:. :--1 .? 
other loci-involved which have not been'ascertaihsd: -. 
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As to the rematidsr of the resistanie pattern: 
-. I 

All TS-resistants seem to be -.- . . Via” or Vlbr. v2r and V6’ have been noted, but not studied except for the latter -, :-.'.L 
in my G8netiCs paper. There is &o a It K/3,4,7" type which is sligU&&nucoid, .. 
but which &ve ;Pe graat trouble owing to irkabikity either of the bacte&a or of ' 
the phaze, prob.zblg both. But there probably are soae suitcible T'&resFstants. - 

. T3 (grown on Bj‘ is not active on idots K-12 stocks, but contains a frequent mutant l " 
(ca lOy3) :Mxh is. 7 hme not found any "complex ?esistance~~ types such as L&a 
reports for B, !xt TV :I 1' 2, 3, 4, 6, 7 Ii type has-been mentioned to-me; 

l?or genetic work, I would imagine that the Vl, ila, V2, Vs.) and V mutations : * 
would be the most suitqble. I am 1solatLng a nufnber of nev cqli phases or K-12, 8 
and if any distinct one3 appear which give suitable resistant mutants, I will send them 

. to you. i. 

The W-583.stock wwch I sent you carries ZE a Gal- mtition which is epistatic 
to Lac# (although satisr'xtory scoring is possible on 35s lactose). This probably will '_ 
afford you no d&Bs&& difficlilty no:.~, but I am sending P-677 which carries a different ~ 
GalJ1slowt~ mutitian w.hich does not interact with Lac, as xell as Mtl- (mannitol-negative). 
The tiabinose-mutation is likewise a,tl~l~~l) xther thar. swz$xx negdtive. I have 
had no troubie b scoring any of these factors on m media. The consti.t,ution of ' 
W-677 is than: . 

. 
T-L-B - :V r Lacl- &J.l- Gal- Ara- Xyl- Mtl- . - I h:?ve very little infor~tion 

so far on t&r &ye relationships, beyond what is published. Gal and Lac are linked, 
with Ara not fa distit; Xyl, Jdai and Xtl are <xlso closely linked, wit+ kzlprobably 
buwteen Bl and M, possibly between M and B. V6;as publ&$hed is slightly to the l&t 
of\, Lacl, while Vl is further to tine riht, nearer T and L;. 

For securing additional bioche&al factors, ,I rocomclenc? using the ~~penic&llin 
method", reprint enclosed. Other reprints are under separate cover. We now have quite a 
few other dcuble biochemicti mutants, e.g., W&@&X$&Z@%&CJ - - .- 

. W-758 isolaucine dr vtlline; histidine The iscleucine-valine, and 
W-760 0 :I . . methiocine-lysine requi.re;;znts I 
W-826 .' hlsticlirie; prolini ~~~%I&) .&e probably due to single gene - \ 
W-826 A ; serine ,(or glycine) changes respectively. ' - 
W-832 -Fthionine & lysine; tryptophane. - 

For my own conv~ai3nce, I will send some of these together with-W-677. .Do not i: 
'h$sistate to throw then away if you have no immediate use for thegz. _. -.---. :-.: 

-' c 
The diploid hsterozygotes are st&l imperfectly understood. 

. 
Q&crosses to these . 

new stocks have not indicated that the aberrant segregations are due to some peculitiity 
of the older stacks, so the aberration may be uniquely connected with the persistence‘ - 
of the heterozggote (a ring-chromosome perhaps, or sonething of that order). Detail&~ -:/ 
crossover studies such as you contemplate.would help a great deal to understand wha.t 

. . is going on during segregation into prototrophs, and I will be very interested to I' ' 
hear of your findings. There still seems to be but a single chromosomes 1 I i.-'- I. -- \ 
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With best regards,' 
. . . . 
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